Abstract Microglia play an important role in neuronal protection and damage. However, the molecular and cellular relationship between microglia and neurons is unclear. We carried out a prospective study to detect that activation of BV2 microglia induced PC12 cell apoptosis in vitro through the TLR4/adapter protein myeloid differentiation factor 88 (MyD88)/nuclear factor-κB (NF-κB) signaling pathway. BV2 microglia were treated with different concentrations of LPS for 24 h. Western blot was utilized to detect the expression of TLR4 and the downstream signaling pathway. The level of inflammatory mediator was quantified using a specific ELISA kit. The supernatant of 10 μg/ml LPS-treated BV2 cells was used as conditioned medium (CM). PC12 cells were co-culture with CM for 24 h. Cell viability was determined by MTT assay and cell apoptosis was tested by flow cytometry. BV2 microglia were treated with 10, 20, or 30 μg/ml LPS for 24 h. The expression of TLR4, MyD88, and NF-κB significantly increased. When PC12 cells were co-cultured with CM for 24 h, cell viability decreased. CM up-regulated the Bax level and down-regulated the Bcl-2 protein level in PC12 cells. PC12 cells pretreated with interleukin-1 receptor antagonist (IL-1RA) for 30 min, significantly alleviated CMinduced PC12 cell apoptosis. These results suggest that BV2 microglia activated by LPS triggered TLR4/MyD88/NF-κB signaling pathway that induced the release of IL-1β and could participate in the PC12 cells injury.
Introduction
The central nervous system (CNS) diseases remain a prevalent and persistent clinical problem because of our incomplete understanding of their pathogenesis. In the past, the relevant research about CNS diseases was focused on neurons. Over the last decade, a rapidly growing body of evidence indicated that microglia, as the representative of immune cells in CNS, play important roles in neuropathic disease (Schulz 2007; Suter et al. 2007) . Activated microglia are involved in various CNS diseases, such as pain (Baron 2006; Inoue and Tsuda 2009; Smith 2010; Tsuda et al. 2012) , infection (Lehnardt 2010) , neurodegeneration, brain trauma (Mao et al. 2012) , stroke, and any real or potential danger to the CNS (Aravalli et al. 2007) .
Microglia are double-edged sword and can be either neuroprotective or neurotoxic. As immune cells, microglia trigger the first line of host defense against pathogens. They are responsible for neuronal development and maintenance. When the brain is injured or affected by brain diseases, "resting" microglia morphologically transform into "activated microglia" through a series of cellular and molecular changes (Nimmerjahn et al. 2005; Graeber 2010; Rev 2011) . But the chronic activation of microglia can in turn cause neuronal injury through the release of potentially cytotoxic molecules such as proinflammatory cytokines, reactive oxygen intermediates, nitric oxide (NO), nerve growth factor (NGF), and chemotactic cytokines (Hughes 2012) . However, the specific molecular and cellular relationship between microglia and neurons is still unclear.
Toll-like receptors (TLRs), which are widely expressed in microglia, could recognize pathogen-associated molecular patterns (PAMP) on the surface of pathogens and initiate intracellular signals that regulate gene expression Medzhitov 2001 Medzhitov , 2007 Miyake 2007; Rajagopal 2008; Mogensen 2009; Takeuchi and Akira 2010) . TLRs are involve in a variety of CNS diseases such as infection, trauma (Arslan et al. 2010; Brea et al. 2010) , neurodegenerative diseases (Ding et al. 2011; Kawai and Akira 2006; Panaro et al. 2008; Vollmar et al. 2009 ), and autoimmunity. TLR1-9 including TLR4 is expressed on the surface of murine microglia (Arumugam et al. 2009; Johnson et al. 2003) . TLR4 is necessary for activated microglia to induced neuronal injury in vivo (Lehnardt et al. 2003) . In mixed CNS cultures prepared from mice lacking functional TLR4, LPS does not induce neuronal injury. In the model of neuropathic pain, thermal and tactile hypersensitivity in the TLR4 knockout mice is attenuated (Tanga et al. 2005) .
TLR4 signaling is divided into MyD88-dependent and MyD88-independent (TRIF-dependent) pathways . Upon LPS stimulation, microglia TLR4 and MyD88 are activated which lead to the degradation of inhibitor κB (IκB) proteins and the subsequent translocation of the transcription nuclear factor κB (NF-κB), which controls the expression of proinflammatory cytokines (such as interleukin-1 beta, interleukin-6, tumor necrosis factor-alpha, interleukin-12, and interferon-beta) (Aravalli et al. 2007; Lehnardt et al. 2002) . Proinflammatory cytokines as neurotoxic factors can cause neuronal damage. Our previous studies both in vitro and in vivo verified that TLR4/MyD88/NF-κB signaling pathway was involved in the neuroinflammatory response and innate immune response in microglia under traumatic brain injury and glucose deprivation/ reoxygenation (Mao et al. 2012; Qin et al. 2012) .
In the present study, in order to clarify the direct effects and relative mechanism of active microglia on neurons, we used BV2 microglia and PC12 cells to represent microglia and neurons respectively in vitro. BV2 microglia cells were from an immortalized murine microglia line with inflammatory and phagocytic properties following activation. PC12 cells were originally established from a transplantable rat adrenal pheochromocytoma. In many physiological studies for neuronal functions and neurodegenerative diseases, as a cell model, the PC12 cells have been widely used. We hypothesized that TLR4/MyD88/ NF-κB signaling pathway may mediate the activation of BV2 microglia by LPS and induce the release of proinflammatory factor IL-1 that could participate in PC12 cell injury.
Materials and methods

Reagents
Lipopolysaccharide (LPS) and polymyxin B sulfate (PMBS) were purchased from Sigma Aldrich (St Louis, MO, USA). The TLR4 (sc-16240), MyD88 (sc-11356,), NF-κB p65 (sc-8008), IκB (sc-371), p-IκB(8404), Bax (sc-526), and Bcl-2 (sc-492) antibodies were all obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Goat anti-rabbit IgG (A0208) was obtained from Beyotime Institute of Biotechnology (Jiangsu, China). Primary antibody dilution buffer (P0023A), secondary antibody dilution buffer (P0023D), phenylmethanesulfonyl fluoride (ST506), bicinchoninic acid protein assay kit (P0012), SDS-polyacrylamide gel electrophoresis (PAGE) sample loading buffer (P0015), and BCIP/NBT alkaline phosphatase color development kit (C3206) were purchased from Beyotime Institute of Biotechnology (Jiangsu, China). MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide] was obtained from Amresco (Solon, OH, USA). The annexin Vfluorescein isothiocyanate (FITC) and propidium iodide (PI) apoptosis kit were obtained from Baosai Company (Beijing, China).
Cell culture BV2 microglia and PC12 cells were purchased from the Institute of Basic Medical Sciences of the China Science Academy. The cells were maintained in high glucose Dulbecco's modified Eagle's medium (DMEM) supplemented with 10 % fetal bovine serum, 100 units/ml penicillin, and 100 mg/ml streptomycin. They were maintained in humidified 5 % CO 2 /95 % air environment at 37°C.
Extraction of nuclear proteins
Cells were collected and resuspended at 4°C in buffer A (0.5 M HEPES, 0.5 M EDTA, 1 M DTT, 10 mM aprotinin, 1 M NaF, 1 M KCl, 0.5 M EGTA, 100 mM PMSF, 10 mM leupeptin, and 0.1 M Na 3 VO 4 ), incubated on ice for 15 min, and then vortexed for 1 min. Samples were centrifuged and the supernatant containing cytosolic proteins were removed. The pellet was resuspended in cold buffer C (0.5 M HEPES, 0.5 M EDTA, 1 M DTT, 10 mM aprotinin, 1 M NaF, 5 M NaCl, 0.5 M EGTA, 100 mM PMSF, 10 mM leupeptin, and 0.1 M Na 3 VO 4 ) and incubated on ice for 50 min for high salt extraction. Cellular debris was removed by centrifugation for 10 min at 4°C; the supernatant containing nuclear proteins was collected. Nuclear extracts were aliquoted and stored at −80°C for Western blotting analysis of NF-κB p65 protein activity.
Western blotting assay
Western blotting analysis was implemented to explore the expressions of TLR4, MyD88, NF-κB p65, IκB, p-IκB, Bcl2, and Bax. BV2 cells were pretreated with LPS (10, 20, and 30 μg/ml) for 24 h. PC12 cells were exposed to the CM. Then, equal amounts of protein were resolved by SDS-PAGE and transferred electrophoretically onto nitrocellulose membrane.
The membrane was blocked with 3 % BSA for 2 h at room temperature and then incubated with primary antibodies directed against TLR4, MyD88, NF-κB p65, IκB, p-IκB, Bcl2, and Bax overnight at 4°C. After rewarming for 30 min at room temperature, the membranes were washed and then incubated with secondary antibody for 2 h. Proteins were visualized by BCIP/ NBT Alkaline Phosphatase Color Development Kit.
Cytokine IL-1β production assay IL-1β in the supernatants of activation of BV2 microglia by 10, 20, and 30 μg/ml LPS was measured by enzyme-linked immunosorbent assay (ELISA). BV2 microglia were cultured at the concentration of 10 6 /well in a 6-well plate. The supernatants of the BV2 cells culture medium which were stimulated with LPS were collected and one portion was compounded with 10 μg/ml PMBS for 30 min. Afterwards, the level of IL-1β in BV2 microglia was determined by ELISA kits. ELISA was carried out according to the manufacturer's instructions. The results were expressed as picogram per milliliter.
Cytotoxicity assay PC12 cell viability in response to the supernatants of BV2 cells was determined using MTT (0.5 mg/ml) assay and trypan blue exclusion (TBE). PC12 cells were cultivated at a density of 10,000 cells/well in 96-well plates. Cells were stained with 20 μl MTT stock solution (5 mg/ml) to each well for 4 h. After that, the cells were dissolved with DMSO, and the optical density was determined at 490 nm. Trypsin-detached PC12 cells were harvested and then stained with 0.4 % trypan blue.
Apoptosis assay PC12 cells were cultured in humidified 5 % CO 2 /95 % air at 37°C, and then the cells were exposed to the CM which was combined with PMBS. Cells were washed with PBS, centrifuged and resuspended in 200 μl binding buffer, and then placed at room temperature for 15 min after adding 10 μl V-FITC to the cells suspension. Inmmunofluorescence BV2 cells were incubated with 10 μg/ml of LPS in humidified 5 % CO2/95 % air for 24 h at 37°C. The cells were fixed in 4 % paraformaldehyde for 30 min at room temperature and washed three times with PBS. The cells were treated with 0.1 % Triton X-100 for 15 min at room temperature. Being washed, the cells were incubated with a blocking serum for 1 h and Fig. 1 The effect of LPS on morphological changes of BV2 microglia. a Percentage of activated cells calculated by counting the cells in ten microscopic fields after exposure to LPS for 24 h. *P<0.05, as compared with control group. b The normal morphology of BV2 microglial cells cultured in normal medium for 24 h (left). Morphological changes of BV2 microglia were observed under 10 μg/ml LPS stimulation for 24 h (right). Scale bar=200 μm. Arrows indicate typical control and LPS-treated BV2 microglia incubated overnight with a 1:100 dilution of primary NF-κB p65 antibody. The cells were then washed and incubated with a 1:2000 dilution of goat anti-rabbit IgG for 2 h in a dark room. For nuclear staining, the cells were incubated with a 1:1000 dilution of DAPI for 5 min. The slide was finally washed and mounted for microscopic examination. Staining with NF-κB p65 antibody exhibited green fluorescence, which was detected by fluorescence microscopy.
Statistical analysis
All data were presented as means±SD. Statistical analyses were performed using one-way analysis of variance (SPSS 13.0 for Windows). Differences between experimental groups were determined by the Fisher's Student-Newman-Keuls test. P value <0.05 was considered significant.
Results
Effect of LPS on morphological changes of BV2 microglia
Firstly, we observed the morphology of control and LPS groups. Ten microgram per milliliters LPS was added to normal BV2 microglia culture medium for 24 h. The morphology of control BV2 microglia showed small soma with distal arborization, characteristic of "ramified" microglia. LPS-treated BV2 microglia had fewer branches that were shorter and or appeared to be resorbed into the cell body (Fig. 1) .
Effects of LPS on TLR4 and MyD88 protein expressions of BV2 microglia Subsequently, to clarify whether LPS initiated the activation of TLR4/MyD88 signaling pathway in BV2 microglia, we explored the effects of different concentrations of LPS (10, 20, and 30 μg/ml) on BV2 microglia for 24 h by Western blotting. Our results indicated that TLR4 and MyD88 protein levels of LPS-treated BV2 microglia were increased significantly compared with the control BV2 microglia (P<0.05; Fig. 2 ).
Effects of LPS on nuclear NF-κB and IκB protein levels in BV2 microglia
To further determine the downstream pathway of TLR4-mediated signal transduction, we next tested the level of IκB degradation and p-IκB up-regulation in BV2 cells subjected to 10, 20, and 30 μg/ml LPS by Western blotting. As shown in Fig. 3 , following LPS stimulation, the level of IκB in BV2 microglia decreased significantly, the level of p-IκB in BV2 microglia increased significantly, and the abundance NF-κB p65 in the nucleus increased significantly (P<0.05). There was almost complete translocation of NF-κB p65 from the cytoplasm to the nucleus following LPS stimulation (Fig. 3B) .
Effect of LPS on release of IL-1β from activated BV2 microglia
In order to confirm that activation of BV2 microglia triggered the release of proinflammatory cytokine IL-1β by TLR4/MyD88/NF-κB signaling pathways, the supernatant from 24 h LPS-treated BV2 microglia (10, 20, and 30 μg/ml) was collected. Each supernatant was divided into two portions. One portion was added 10 μg/ml polymyxin B sulfate (PMBS) which is a specific antagonist of LPS, then incubated for 30 min. ELISA was used to determine the release of IL-1β from activation of microglia. The results showed that LPS could promote IL-1β secretion (P<0.05; Fig. 4 ). Compared with LPS group, LPS + PMBS group have no effect on the level of IL-1β (Fig. 4) . PMBS had no significant effect on the release of IL-1β. Fig. 4 Effect of LPS on the release of IL-1β from activated BV2 microglia. ELISA was used to determine the release of IL-1β from microglia which were treated with LPS (10, 20, and 30 μg/ml) respectively for 24 h. Data are shown as means±SD (n=4). *P<0.05, as compared with control group 
Effect of CM on PC12 cell morphology and viability
The supernatant of 10 μg/ml LPS-treated BV2 cells for 24 h was defined as the CM. As seen in the Fig. 5 , PC12 cells in CM had round bodies and short arborizations when compared with the control group.
Next, we observed the effect of CM on PC12 cell viability with MTT assay. BV2 group (normal BV2 microglia supernatant pretreated PC12 cells) had no apparent effect on PC12 cell viability. Compared with the control group, the LPS group (10 μg/ml LPS added to control PC12 cells for 24 h) had significantly decreased viability (P<0.05; Fig. 6 ). Compared with LPS group, CM group exacerbated PC12 cell injury (P < 0.05; Fig. 6 ). Pretreated PC12 cells with 100 ng/ml interleukin-1 receptor antagonist (IL-1RA), CM + IL-1RA group alleviated PC12 cells injury compared with CM group (P<0.05; Fig. 6 ).
Effect of PMBS on LPS-induced neurotoxicity in PC12 cells
In order to exclude the interference of LPS, antibiotic PMBS (LPS-specific antagonist) was added to CM. We had confirmed that LPS alone could decrease PC12 cell viability (Fig. 6 ). When 10 μg/ml PMBS was added into control PC12 cells, cell viability did not change significantly compared with control group. Compared with LPS group, LPS + PMBS group could remove the toxic effect of LPS on PC12 cells (P<0.05; Fig. 7 ).
Effect of CM on apoptosis in PC12 cells
Compared with control group, the percentage of apoptotic cells increased after being exposed to CM + PMBS, which was down-regulated by IL-1RA (P<0.05, Fig. 8) .
Furthermore, we detected the changes of pro-apoptotic protein (Bax) and anti-apoptotic protein (Bcl-2) which were primary regulators initiating mitochondrial depolarization. The results showed that CM increased Bax to Bcl-2 ratio (P< 0.05; Fig. 9 ). Pretreatment with 100 ng/ml IL-1RA down-regulated the Bax level and up-regulated the Bcl-2 protein level, resulting in the decrease in the Bax to Bcl-2 ratio (P<0.05; Fig. 9 ).
Discussion
In this study, we provide several evidences to support the hypothesis that activation of BV2 microglia by TLR4 signaling pathway is involved in the apoptosis in PC12 cells. Specifically, we treated BV2 microglia with LPS and show that (1) the levels of TLR4, MyD88, and NF-κB significantly increased in BV2 microglia and the release of proinflammatory factor IL-1β significantly increased; (2) PC12 cell viability decreased after CM pretreatment. CM up-regulated the Bax level and down-regulated the Bcl-2 protein levels in PC12 cells which led to PC12 cell apoptosis; (3) Pretreatment of PC12 cells with interleukin-1 receptor antagonist (IL-1RA) for 30 min significantly alleviated CMinduced PC12 cell injury and apoptosis, and inhibited the up-regulation of Bax/Bcl-2. These results indicated that LPS activated BV2 microglia through TLR4/MyD88/NF-κB signaling pathway, then promoted the release of proinflammatory cytokine IL-1β, which led to the apoptosis in PC12 cells.
Microglia, macrophage-like resident immune cells in CNS, are considered to be a first line of defense in CNS and provide tissue defense and protection (Bechade et al. 2013; Bessis et al. 2007 ). However, excessive acute or chronic microglia activation can trigger severe neuronal damage by the release of cytotoxic factors, including nitric oxide, reactive oxygen species, tumor necrosis factor α, and IL-1 (Surace and Block 2012; Trang et al. 2012 ). Thus, microglia may be a doubleedged sword since the microglia have both neurotoxic and neuroprotective effects. The activated microglia can produce some proinflammatory cytokines such as TNF-α, IL-1β, NO, and ROS. The release and accumulation of these microgliaderived proinflammatory factors are thought to enhance the neuronal damage, especially in neurodegenerative diseases (Gao et al. 2003) . However, the damaged neurons secrete the neurotoxic soluble factors and, in turn, induce microglia reactivation (Block and Hong 2005) . Taken together, a vicious cycle causing the prolonged neuroinflammation and the progressive neurodegeneration is created (Gao and Hong 2008) . Properly activated microglia can be neuroprotective. Being the native immune cells of the CNS, microglia act as the first line of defense, protecting the CNS from invading agents as well as internal enemies. The properly activated microglia can release some useful factors, such brain-derived neurotrophic factor (BDNF) or glial cell-line derived neurotrophic factor (GDNF). There is compelling evidence that activated microglia in the spinal cord release BDNF in response to peripheral nerve lesion, which is crucial for the development of neuropathic pain (Tsuda et al. 2003; Coull et al. 2005; Ulmann et al. 2008) . Microglia express many surface receptors, including lipopolysaccharide (LPS) receptor CD14 (Liu and Walter 2005) , the purine receptor P2Y6 (Hoarau et al. 2011) , the CX3C chemokine fractalkine receptor CX3CR1 (Lee et al. 2010) , and the toll-like receptors (TLRs) (Liu et al. 2012) , which are all involved in the progression of neurological disease by altering microglia activities (Suzumura 2013) . Therefore, it is important to clarify this cellular crosstalk signaling pathways between microglia and neurons for seeking future therapeutic targets of CNS diseases, including pain, infection, neurodegeneration, and stroke.
Microglia, like other monocyte-derived cells, possess a full complement of TLRs. TLR4 recognizes pathogen-associated molecular patterns; trigger the activation of innate immunity and the release of cytotoxic factors. Endotoxin LPS, as an exemplary ligand for TLR4, could bind with TLR4 and initiate the activation of microglia. Therefore, our first aim was to confirm the activation of the TLR4/MyD88 signal pathway, which could mediate the microglia activation following LPS stimulation in vitro. MyD88 is a central adaptor protein for the majority of TLRs, acting as a link between the receptors and downstream signaling molecules. One such molecule is the transcription factor NF-κB, which requires phosphorylation of IκB as a prerequisite for its activation. NF-κB plays a wellcharacterized role in regulating cytokine production. Our previous studies found that TLR4/MyD88 signaling pathway was involved in traumatic brain injury in vivo (Mao et al. 2012) , BV2 microglia injury following the oxygen and glucose deprivation (OGD)/reoxygenation in vitro (Bechade et al. 2013; Qin et al. 2013) , and digestive diseases (De Paola et al. 2012) . The TLR4-activated downstream signaling pathway, including MyD88 activation and NF-κB translocation, could promote microglia activation and the production of proinflammatory cytokines. In the present study, we found that levels of TLR4 and MyD88 proteins in the BV2 microglia both increased after LPS stimulation in vitro. Meantime, increased protein levels of NF-κB was accompanied by a reduction of IκB-α protein and an increase of p-IκB-α protein, supporting the idea that TLR4-mediated signaling events occur in BV2 microglia activation following LPS stimulation in vitro.
Another important aim of this research was to determine whether LPS activation of TLR4 in microglia cells had an effect on the neuron viability and apoptosis and its mechanism. Lehnardt et al. firstly confirmed the neurotoxic effects of the TLR4 signaling pathway in microglia (Lehnardt et al. 2003) . LPS caused neuronal injury in co-cultures prepared from wild-type mice but did not induce neuronal injury in cocultures derived from TLR4 mutant mice (Lehnardt et al. 2003) . Increased TLR4 expression could be involved in excessive neuroinflammation during brain hypoxia/ischemia (Hughes 2012; De Paola et al. 2012; Kilic et al. 2008; Yao et al. 2013) . Therefore, TLR4 abnormal expression or excessive immune reaction would cause damage to the CNS. Activation of microglia is interpreted as an inflammatory response to infection, and microglia cytokines are known to induce neuronal death in models of neurodegeneration (Tanga et al. 2005) . Our group reported that TLR4 /MyD88 signaling pathway is involved in traumatic brain injury (Mao et al. 2012) . In vitro studies, with microglia co-cultured with neurons, Schisandrin B may exert neuroprotective activity by attenuating the microglia-mediated neuroinflammatory response by inhibiting the TLR4/MyD88/NF-κB signaling pathway (Zeng et al. 2012) . Since TLR4 is an essential upstream sensor for LPS and may mediate the NF-κB activation, and NF-κB activation increases gene transcription and protein synthesis of proinflammatory cytokines such as IL-1β, we hypothesis that IL-1β released from activated BV2 microglia is a key agent inducing the neuron injury. In most cases, IL-1β, as a cytokine, is typically elevated during neurodegenerative disease states and further promotes CNS inflammation and apoptosis. The increased level of IL-1β is always observed before neuron death, which could alter the function of neurons (Esser et al. 1996; Guo et al. 1998; Chao et al. 1995) , IL-1β could lead neuronal injury, and N-methly-D-a spartate (NMDA) receptor antagonists could block this neurotoxicity. Prolong exposure to IL-1β generally lead to chronic inflammation and neuronal degeneration, which culminate into devastating CNS disease. In primary neuronal cultures, IL-1β increased glutamate production and excitotoxicity (Ye et al. 2013) . IL-1β might be an important mediator between microglia and neurons. We would like to express that the IL-1β could lead to neuronal death.
In the present study, the results showed that the secretion of IL-1β increased significantly in the supernatant of LPStreated BV2 microglia cells. For convenience, we named the supernatant of 10 μg/ml LPS-treated BV2 cells as the conditioned medium (CM). We observed that PC12 cell viability decreased after PC12 cells were co-cultured with CM for 24 h. Meanwhile CM up-regulated the pro-apoptosis Bax protein level and down-regulated anti-apoptosis Bcl-2 protein level in PC12 cells. We speculated that proinflammatory cytokine IL-1β in CM induced PC12 cells injury and apoptosis. In order to exclude the interference of LPS in CM, 10 μg/ml antibiotic PMBS (LPS-specific antagonist) was added to CM. PMBS completely eliminate the neurotoxic effects of LPS (Lehnardt et al. 2008) . We verified that PMBS alone did not affect the PC12 cell viability and the release of IL-1β from BV2 microglia following LPS stimulation.
IL-1R is expressed on the surface of PC12 cell by immunocytochemistry and Western blot methods. PC12 cells have the potential to sense extracellular cytokine stimuli such as IL-1β (Shu et al. 2007 ). IL-1β released from the activation of spinal microglia enhanced the AMPA response in neurons through IL-1R activation which led to acute and chronic pain, and IL-1R antagonist (IL-1RA) can abolish these effects of IL-1β (Gustafson-Vickers et al. 2008; Kawasaki et al. 2008; Liu et al. 2013 ). IL-1β-induced apoptosis was mediated by mitochondria, through up-regulation of Bax and down-regulation of Bcl-2 and Bcl-x L to initiate caspase-9 activity, leading to the activation of caspase-3 in this apoptotic process (Wang et al. 2005) . IL-1R is expressed in the PC12 cells and IL-1β has toxic effect on PC12 cells by binding with IL-1R. We found in this study that pretreatment of PC12 cells with IL-1RA for 30 min could alleviate CM-induced PC12 cell injury and apoptosis and depress the up-regulation of Bax/Bcl-2. Therefore, we suppose that the downstream proinflammatory cytokine IL-1β of TLR4 signaling pathway in BV2 microglia bind with IL-1R on the surface of PC12 cell, which could lead to PC12 cell injury and apoptosis.
In conclusion, the levels of TLR4, MyD88, and NF-κB proteins in BV2 microglia all increased after stimulation of BV2 microglia with LPS and promote the release of inflammatory mediator IL-1β. The CM containing IL-1β lead to PC12 cell apoptosis and injury by binding with IL-1R. The study establishes a link between BV2 microglia activation and Fig. 10 Activation of BV2 microglia could trigger a strong inflammatory reaction in PC12 cell apoptosis by toll-like receptor signaling pathway. LPS-treated BV2 microglia had increased levels of TLR4, MyD88, NF-κB, and release of inflammatory mediator IL-1 β significantly increased. The inflammatory mediator up-regulated Bax to Bcl-2 ratio to promote PC12 cell apoptosis and injury. IL-1RA pretreatment protected PC12 cell from IL-1β-induced injury through down-regulating Bax to Bcl-2 ratio to suppress apoptosis PC12 cell injury and apoptosis in vitro (Fig. 10) . These results indicate that the activation of TLR4/MyD88/NF-κB signaling pathway in microglia may be involved in neuronal damage, and microglia are the source of neuroinflammation. The research about bidirectional interaction between neurons and microglia is important for understanding of acute and chronic neuroinflammation, and gives us clues for future therapeutic strategy against CNS diseases such as neurodegenerative disorders, pain, CNS infection, stroke, and trauma.
